Background: Previous findings of the association between socioeconomic deprivation and mortality after ischemic stroke are inconsistent. There is a lack of data on the association with combined low education, occupational class, and income. We assessed the associations of three indicators with mortality.
Introduction
Stroke affects 62 million people and is the second leading cause of death in the world. 1, 2 There is evidence that people with socioeconomic deprivation (SED) have an increased incidence of stroke 3, 4 and poorer functional recovery after stroke. 5 However, the findings of the association between SED and mortality after stroke are not consistent. 3,6-10 Some 6-9 but not all studies 3, 10 have shown that there is an increased mortality after ischemic stroke in people with SED. The social gap in survival after ischemic stroke is not yet fully understood, although disparities in stroke incidence across socioeconomic groups have been tried to be explained by differences in the prevalence of major risk factors. 11 Possible reasons include differences in stroke risk factors, severity, or acute care between lower and higher socioeconomic groups. Previous studies investigating the association between SED and mortality after ischemic stroke insufficiently adjusted for these potential confounders. 3, 8, 12, 13 The majority of studies examining the association were undertaken in high-income countries, 3, 6, 7, 10, 13 and their findings are difficult to be applied in low-and middle-income countries, where stroke is a leading cause of death. 14, 15 Furthermore, few studies have examined contemporary effects of each of educational level, occupational class, and income and their combinations on mortality. In this study, we examined a large stroke registry cohort data from China to assess the impacts of SED indicated by low levels of education, occupational class, and average family income per capita on survival of people with ischemic stroke.
Methods

Study population
The study population was derived from the China National Stroke Registry (CNSR). 16 Details of the rational, design, and baseline investigations of the CNSR have been published previously. 16 In brief, the CNSR is a nationwide, multicenter, prospective registry study of 22,216 consecutive patients with a diagnosis of acute cerebrovascular events from 132 hospitals covering 27 provinces and four municipalities across China between September 2007 and August 2008.
Acute ischemic stroke patients aged !18 years who presented to hospital within 14 days after the onset of symptoms were eligible for the study. Acute ischemic stroke was diagnosed according to the World Health Organization criteria 17 and confirmed by brain computerized tomography or magnetic resonance imaging. Acute ischemic stroke was diagnosed when the following conditions were met: acute occurrence within 14 days of neurologic deficit, with focal or overall involvement of the nervous system, lasting for >24 h and after excluding nonvascular causes (primary and metastatic neoplasms, postseizure paralysis, head trauma, etc.) that led to brain function deficit, and excluding intracerebral hemorrhage by computed tomography or magnetic resonance imaging. The Trial of Org 10172 in Acute Stroke Treatment criteria were used to classify ischemic stroke etiology. 18 Baseline data on demographics, socioeconomic status (SES), cardiovascular risk factors, and medical treatments were collected through face-to-face interviews by trained interviewers. We documented educational level, occupational class, and income for each patient. 19 Educational level was categorized to five groups according to the educational year: ''>12 years,'' ''10-12 years,'' ''6-9 years,'' ''1-5 years,'' and ''illiteracy.'' The occupational class was determined as ''nonmanual workers,'' ''manual workers,'' ''retired,'' or ''no job'' based on their main job title. The income was recorded to six groups according to the average family income per capita per month: ''<¥500,'' ''¥500-¥1000,'' ''¥1001-¥3000,'' ''¥3001-¥5000,'' ''¥5001-¥10,000,'' and ''>¥10,000.'' We recorded cardiovascular risk factors, histories of cardiovascular disease, and medications. We measured stroke severity according to the National Institutes of Health Stroke Scale (NIHSS) score, and modified Rankin Scale (mRS) scores (dichotomized to >1 and 1) on admission, and acute care and medications on admission and discharge.
We followed up the cohort patients by telephone interview at three months, six months, and one year after stroke onset. The central telephone follow-up was performed by trained interviewers for all patients based on a standardized interview protocol. All causes of death were documented.
The CNSR data collection was approved by ethics committee at Beijing Tiantan Hospital. Written informed consent was given by all patients or his/her representatives before being entered into the study.
Statistical analysis
In this study, we included all patients with ischemic stroke who had data of education, occupation, or income. A total of 12,246 ischemic patients were eligible for data analysis (Figure 1 ). In descriptive data analysis, we presented continuous variables as mean AE SD or median with interquartile and categorical variables as percentages. We examined differences between survivors and patients who died in continuous variables using t test or Wilcoxon rank sum test and in categorical variables using chi-square test.
We employed multivariate adjusted logistic regression models to calculate odds ratios (ORs) and their 95% confidence intervals (CI) of mortality in patients with SED. We adjusted for different sets of covariables to clarify the confounding effects of cardiovascular risk factors and stroke severity and care on the association between SED and mortality. In this study, we defined those with <6 years education, manual laboring, or family income ¥1000 per month as having SED. 19 After examining the association of mortality with each of three SED indicators, we investigated combined effects between two indicators, and then from the three indicators (scores summed up from each of SED).
We used multiple imputation techniques to treat missing values for educational level, occupational class, and income. Missing values for other covariates were not imputed using multiple imputation approaches but analyzed as a separate category in the models. We generated five imputed data sets replacing each missing value with a set of plausible values that represent the uncertainty about the right value to impute, and the ORs with their 95% CIs were then combined across the five imputations with adjustment of standard errors to account for the additional uncertainty introduced by the imputation. Considering the clustering effect at the hospital level, multilevel approaches in logistic regression models were performed.
All analyses were performed with SAS software version 9.3 (SAS Institute Inc, Cary, NC).
Results
Among these 12,246 patients, the average age was 65.5 (range 18-100), and 61.8% were male. 38.6% had educational level <6 years, 27.0% were manual workers, 34.8% had family income ¥1000 per capita per month. Distributions of cardiovascular disease and risk factors, stroke case, severity, and acute care and medications can be seen in Supporting Information  Table S1 . Over one-year follow-up, 1640 (13.4%) patients died. They were more likely to be older, female, have low levels of SES, be never-smoking, nonheavy drink, have previous stroke, suffer diabetes mellitus, coronary heart disease and atrial fibrillation, have higher prestroke disability, cardioembolism, and higher NIHSS score, but less acute care of stroke and less medications in hospital or on hospital discharge (see Supporting Information Table S1 ). There was a social gradient in the mortality; the one-year mortality was 8.0, 9.7, 10.9, 14.7, and 22.4% in patients with education of ''>12 years,'' ''10-12 years,'' ''6-9 years,'' ''1-5 years,'' and ''illiteracy,'' respectively (trend p < 0.001), and was 10.0, 10.1, 12.0, 12.6, 13.1% in patients with monthly income of ''>¥5000,'' ''¥3001-¥5000,'' ''¥1001-¥3000,'' ''¥500-¥1000,'' and ''<¥500,'' respectively (trend p ¼ 0.03). Other baseline factors listed in Supporting Information Table S1 were not significantly different between patients surviving and deceased.
Supporting Information Table S2 shows the adjusted predicted probability of three-month and one-year mortality in each category of SED. Table 1 International Journal of Stroke, 11 (5) shows adjusted ORs of one-year mortality in relation to the three indicators of SED. In adjustment for age, sex, and previous stroke (Model 1), we found that increased mortality was significantly associated with educational level of <6 years, manual workers and people with no job, and income of ¥1000 per month. Further adjustment for smoking status, heavy alcohol drinking, cardiovascular risk factors score, and stroke subtype and severity (Model 2) reduced the magnitude in the associations, but there remained significantly increased ORs in educational level of <6 years, manual laborers, and low income. After adding in the variables of acute stroke care and medications in-hospital and on discharge for adjustment (Model 3) we observed that these increased ORs were similar to those in Model 2, except for OR in patients with low income becoming marginally significant (adjusted OR 1.15, 95% CI: 0.99-1.33). The sensitivity analysis using data without imputed variables of SED indicators showed that the ORs were similar to those in Table 1 ; e.g. the fully adjusted OR (Model 3) was 1.15 (0.95-1.40) and 1.28 (1.08-1.53) in education of 6-9 and <6 years, 1.40 (1.11-1.78) in manual laborers, and 1.16 (0.99-1.36) in monthly income of 1000 RMB. The patterns of three-month mortality in relation to SED showed similar trends but were not significant in the full-adjusted models (see Supporting Information Table S3 ).
In the data analysis of combined educational level with occupational class or income (Table 2), we found that manual laborers with low education had the highest risk of one-year mortality, and manual laborers with !6 years of education also had a significant excess in one-year mortality compared with nonmanual laborers with !6 years of education. We did not observe an interaction effect between low education and low income ( Table 2 ). The impacts of low education or low income or both on one-year mortality were similar. The data analysis of the combination of income with occupational class (Table 3 ) demonstrated a similar pattern to that in the combination of educational level with occupational class. Compared to those with high levels of income and occupation, patients who were manual laboring with low or high income had a significantly increased risk of one-year mortality, but patients with high level of occupation and low income did not (Table 3 ). Only patients with both low education and low income had a significant excess in three-month mortality compared with those with high education and high income (see Supporting  Information Table S4 and Table S5 ). Table 4 shows the combined data of three SED indicators in relation to mortality. There was a significantly increased risk of one-year mortality with the SED scores, and patients with the highest score had about 50% increase in one-year mortality. The patterns of three-month mortality in relation to SED scores were similar to those of one-year mortality ( Table 4 ).
Discussion
In this large-scale national stroke registry study, we found that low levels of education, occupation, and income were significantly associated with increased mortality in patients with ischemic stroke. The severity of stroke and inequalities in acute care and medications use cannot entirely explain for the associations. There were some combined effects of educational or income level with occupational class on mortality, and those with SED from all three indicators had the highest risk of mortality. The impacts of SED on threemonth and one-year mortality were similar.
China has the largest number of stroke patients in the world and has an increased number of people suffering from ischemic stroke, which is due to population aging and lifestyle changes toward a western risk factor profile. 14 China has also experienced an increased income inequality over time. 14, 15 Knowledge of existing disparities in mortality after stroke is important for effective stroke care and management and improving outcomes. However, the association of SED with survival after ischemic stroke has been not well studied; either previous studies suffered from small sample size 20, 21 or did not include enough adjustment in their analyses. 22, 23 Our nationally representative CNSR data have provided emerging evidence that there are persistent impacts of SED on survival after stroke in China. The association of SED with mortality in people with ischemic stroke is also observed in some Western populations. A population-based cohort study in Canada showed that one-year mortality was higher in those with low income than those with high income. 6 Furthermore, examining the data of a Swedish stroke register, Lindmark et al. 7 found that low levels of education and income were independently associated with higher case fatality after the acute phase in stroke patients. And a population-based registry in Denmark reported that individuals who were unemployed had an associated increase in three-month and one-year mortality. 13 However, in the same study of the Danish population-based registry, 13 there were no significant impacts of low levels of education and income on survival. Some other studies also showed no association between SED and mortality after ischemic stroke. 3, 10 Our CNSR cohort study demonstrated that low levels of education and occupational class were significantly associated with mortality in patients with ischemic stroke, even after adjusting for acute care and medications. The low income was significantly associated with increased mortality in stroke patients with !6 years of education. In patients with <6 years of education, no differences in the impact of low income on mortality may reflect the fact that compared to income, the educational level may be a more important factor of influencing survival after stroke in China. 19 The mechanisms through which SED affects stroke survival are unclear. Some studies reported that differences in risk-factor prevalence could account for part of the variation. 4, 6, 10, 24, 25 Other studies suggested that lower SES was associated with a lower chance of receiving optimal acute and secondary preventive care of stroke. 13, 26 In the current study, after baseline risk factors, acute stroke care, and in-hospital and hospital discharge medications were adjusted in the analyses, we still found that SED, particularly using the combined scores from three indicators was significantly associated with increased mortality. One of the reasons for this could be due to long-term care after discharge. In China, many families of stroke patients may not cope with long-term care burden (see Supporting Information for more information about how ischemic stroke are managed in China). Those patients who had low educational level but had high income resulting from rapid economic transition in China may have unhealthy diet and lifestyle. This may result in more risk factors and less consciousness of receiving secondary prevention. We also consider that patients with low levels of income and occupational class had low level of education (most of them had traditional reviews), which prevented them from accepting the evidencebased stroke care. One of the possible reasons for which the impact of low income on mortality can be seen in patients with high education but not in those with low education is psychological stress and uncertainty in self-identity resulting from SES inconsistency. The patients may be frustrated because their economic rewards were not consistent with their educational achievement. 27 The effects of this on the association of SED with survival after ischemic stroke need further research.
Our study shows that occupational class may play more of an important role in predicting the risk of mortality in stroke patients, which would help target this particular group of patients for intervention. Our findings will be of benefit to the public health and clinical agenda to promote appropriate health interventions and strategies aimed at patient subgroups who would most likely benefit from interventions. Innovative strategies reducing SED and tackling health inequality for stroke patients will improve the survival of patients after stroke.
Study strengths and limitations
Our CNSR is a large-scale national representative cohort study evaluating the individual and combined impacts of educational level, occupational class, and income on mortality in patients with ischemic stroke. It includes patients with a diversity of socioeconomic characteristics, which reflects the high level of socioeconomic inequalities across the country. 19 The unique data have helped us examine independent and separate impacts of each of three SES indicators on survival in stroke patients. Our study has limitations. First, the CNSR does not cover rural hospitals and thus we could not examine differences in survival after ischemic stroke between patients living in the rural and urban areas. However, some stroke patients in the rural areas would be admitted to the urban hospitals, which have modern therapies, and could be grouped as ''manual laborers'' in the data analysis. Previous studies in China showed that people living in the rural community have an overall higher mortality than those in the urban. 22, 23 Thus, the impacts of low education, occupation, or income on survival after ischemic stroke in this study may be underestimated. Second, as the CNSR follow-up data does not include the date of death for all patients, we could not use Cox regression models to estimate a relative risk (RR) of mortality in relation to SED. However, there is a close relationship between OR and RR when the mortality rate is not high. 28 Our study demonstrated a significant association of SED with increased mortality after stroke. Third, like other studies, 9 we did not further adjust for variables of stroke care after discharge and stroke recurrence. The residuals of the association between SES and mortality might exist, but would be minimized because they are related to other baseline risk factors such as smoking and acute care, which were included for adjustment. Finally, there might be some patients with stroke who died before arrival at the hospital or at the emergency department. We have no data on the proportion of such patients in the whole stroke population in these areas of China, but estimate that it should be very low. Their mortalities could be socioeconomically patterned; those with lower level of socioeconomic status may be more likely to die before reaching the hospital or not hospitalized. Thus, the findings of our current data analysis could be more conservative.
Conclusions
Our nationwide stroke register study has demonstrated that there are significant inequalities in survival after stroke in China in terms of social and material forms of deprivation. Together with our previous studies, 19 we consider that general socioeconomic improvement and targeting groups at high risk of mortality is likely to reduce inequality in survival in people with stroke. Continuous efforts are warranted to reduce SED and to tackle health inequality, thus improving survival for people with ischemic stroke.
